Activation of Prodrug Treosulfan at pH 7.4 and 37°C Accompanied by Hydrolysis of Its Active Epoxides: Kinetic Studies with Clinical Relevance.
Treosulfan (TREO), originally registered for treatment of ovarian cancer, is currently being investigated for conditioning prior to hematopoietic stem cell transplantation. TREO is a prodrug, which undergoes a pH- and temperature-dependent two-step conversion to active monoepoxide [S,S-EBDM, (2S,3S)-1,2-epoxybutane-3,4-diol-4-methanesulfonate] and diepoxide [S,S-DEB, (2S,3S)-1,2:3,4-diepoxybutane]. In this paper, the kinetics of the nonenzymatic transformation of TREO at pH 7.4 and 37°C were studied for the first time including the effects of the TREO concentration, buffer concentration, ionic strength, and the presence of NaCl. Transformation of TREO was well described by a kinetic model, which included first-order reactions for TREO activation, that is, TREO → S,S-EBDM → S,S-DEB, and pseudo-first-order reactions for the hydrolytic decomposition of S,S-EBDM and S,S-DEB. In contrast to the two-step activation of TREO, the hydrolysis of epoxides was influenced by electrolytes. In phosphate-buffered saline, decomposition of S,S-EBDM and S,S-DEB (mean half-lives 25.7 and 15.4 h) proceeded much slower than their formation (mean half-lives 1.5 and 3.5 h). In conclusion, the kinetics of the nonenzymatic transformation of TREO in the presence of plasma electrolytes cannot contribute to the very low levels of S,S-EBDM and S,S-DEB observed in patient plasma. The results also indicate that elimination of TREO proceeds primarily via conversion to S,S-EBDM.